INTRODUCTION
============

Hepatocellular carcinoma (HCC) is the sixth most common cancer in the world and the third most common cause of cancer mortality.[@B1] The Barcelona Clinic Liver Cancer (BCLC) staging system directs therapy according to tumor stage, liver functional status, physical status, and cancer related symptoms.[@B2] However, over 60% to 70% of HCC patients are diagnosed at late stages and therefore curative therapies such as resection, liver transplantation, or local ablation therapy cannot be applied.[@B3]

Transarterial chemoembolization (TACE) is the primary treatment used most frequently for unresectable HCCs. TACE has been shown to improve survival in comparison to best supportive care for unresectable HCC.[@B4],[@B5] However, the objective response rate of TACE is only 15% to 55%,[@B6] and the tumor recurrence rate is 70% at 5 years.[@B7] In addition, the systemic release of chemotherapeutic agents is frequent, and many patients suffer from systemic side effects.[@B8]

DC beads are a novel drug delivery embolization system comprised of biocompatible, nonresorbable polyvinyl alcohol polymer hydrogel beads which can be loaded with cytotoxic drugs.[@B9] The beads have a high affinity for drugs and this enables the gradual release of doxorubicin into the tumor, allowing a longer intratumoral exposure and less systemic exposure of the drug, reducing systemic toxicity.[@B10] In an *in vivo* study using a rabbit model, the intratumor drug level after the use of DC beads was much higher than after conventional chemoembolization.[@B11] Some studies showed that TACE with DC Beads resulted in a better response compared to conventional TACE, with more complete response (CR) rate and histological necrosis rate.[@B7],[@B10],[@B12] However, it has not been clearly defined whether tumors that are refractory to conventional TACE would show good response to TACE with DC beads. Thus, we retrospectively analyzed patients who underwent TACE with DC beads for HCC refractory to conventional TACE. In addition, we assessed the tumor characteristics that showed good response to TACE with DC beads.

MATERIALS AND METHODS
=====================

1. Patients refractory to conventional TACE
-------------------------------------------

Between July 2008 and June 2010, 435 patients underwent TACE at Seoul St. Mary\'s Hospital. Of those patients, 10 consecutive patients who had tumors refractory to conventional TACE and were treated with DC beads were enrolled in this study. Ten tumors refractory to conventional TACE were analyzed in the 10 patients.

Tumors refractory to conventional TACE were defined as those with more than two consecutive incomplete necrosis (depositions \<50% of lipiodol) on computed tomography (CT) that was used to evaluate response to TACE.[@B13] We performed the response evaluation with CT at 1 to 2 months after conventional TACE.

2. Procedure of TACE with DC Beads
----------------------------------

After a full angiographic study of the celiac trunk, superior mesenteric artery, and hepatic artery using a peripheral arterial approach, highly selective catheterization of the segmental arterial branches feeding the tumor was performed. Doxorubicin uploaded in 2 mL of DC beads with diameters ranging from 100 to 300 µm or from 300 to 500 µm, were injected into the arterial branches feeding the tumor. The dose of doxorubicin was determined by tumor size.

3. Classification of tumor staining in angiography
--------------------------------------------------

According to the angiographic findings, we divided the tumors into two groups, one group with regular enhancement pattern and one with a delayed enhancement pattern. If the tumor was stained at the time when the common, proper, and right and left hepatic arteries were observed, it was defined as a regular enhancement pattern ([Fig. 1](#F1){ref-type="fig"}). If the tumor was stained when the segmental or subsegmental arteries were observed, it was defined as a delayed enhancement pattern ([Fig. 2](#F2){ref-type="fig"}).

4. Assessment of the therapeutic effects
----------------------------------------

Antitumor effect was evaluated by comparing the dynamic CT imaging before treatment to the imaging 1 to 2 months after treatment with DC beads.

Treatment response of the target tumor was evaluated by two methods: the modified Response Evaluation Criteria in Solid Tumors (mRECIST)[@B14] and the Response Evaluation Criteria in Cancer of the Liver (RECICL).[@B15] According to the mRECIST for HCC, CR of the target tumor was defined as the disappearance of any intratumoral enhancement on CT obtained 1 month after treatment. Partial response (PR) was defined as at least a 30% decrease in the sum of diameters of viable (contrast enhancement in the arterial phase) target lesions, taking as reference the baseline sum of the diameters of target lesions. Progressive disease was defined as an increase of at least 20% in the sum of the diameters of viable (enhancing) target lesions. Stable disease was defined as any cases that did not qualify for either PR or progressive disease.

The necrotizing effect of the DC beads was evaluated by calculating the size reduction rate according to RECICL.[@B15] The direct treatment effect on the target nodule was divided into four categories according to size reduction rate. CR was defined as a 100% tumor-necrotizing effect or 100% tumor size reduction rate. The tumors with a necrotizing effect or size reduction rate between 50% and 100% were considered to have PR. Progressive disease (PD) was when the tumors grew over 25%, regardless of the necrotizing effect.

Toxicity related to treatment with DC beads was assessed by Common Terminology Criteria for Adverse Events version 4.0.[@B16] In addition, tumor markers, such as alpha-fetoprotein and protein induced by vitamin K absence or antagonist-II, were checked before and after TACE with DC beads.

5. Statistical analysis
-----------------------

In this study, statistical analysis was performed to compare the size reduction ratio. Size reduction ratio according to the tumor size was compared using the Mann-Whitney U test. A p-value of less than 0.05 was considered statistically significant. Analysis was performed using SPSS version 15.0 software (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

1. Patients and tumor characteristics
-------------------------------------

The characteristics of the patients are listed in [Table 1](#T1){ref-type="table"}. Ten patients were men, and one patient was a woman, with a median age of 64.5 years (range, 45 to 75 years). The etiology of HCC was related to hepatitis B virus (HBV) in five patients, co-infection of HBV and hepatitis C virus in three patients, alcoholic liver disease in one patient, and another factor in one patient. There was no hepatitis C related patient.

According to the Barcelona Clinic for Liver Cancer staging classification, one patient was in stage A, and nine patients were in stage B. One patient who was in BCLC stage A had three tumors less than 3 cm, but could not undertake curative treatment. The mean size of the target tumor was 4.6 cm at the time of treatment. Four tumors were of infiltrating types, one was multinodular, and the others were of nodular types. The patients underwent conventional TACE a median of 4.5 times (range, 2 to 14 times) before TACE with DC beads.

2. Pattern of tumor staining and tumor response after TACE with DC beads
------------------------------------------------------------------------

The initial CT findings, angiographic enhancement pattern, follow-up CT findings, and responses are listed in [Table 2](#T2){ref-type="table"}. Eight (80.0%) of 10 tumors showed delayed enhancement pattern on angiography. According to the mRECIST and RECICL criteria, CR was observed in four tumors (40%) and PR in six tumors (60%). Objective response was seen in all tumors (100%). All tumors that achieved CR had delayed enhancement pattern. Of the six tumors that achieved PR, four tumors showed delayed enhancement pattern, and two tumors regular enhancement pattern.

When the tumors were evaluated by RECICL criteria, those which showed regular and hypervascular pattern on angiography resulted in lower size reduction rate compared with the tumors which showed delayed enhancement pattern (92.5% vs 60.0%). Patients with HCC under 4 cm showed better response as in size reduction rate (mean, 96% vs 76%; p=0.03).

3. Treatment-related toxicity
-----------------------------

Toxicities associated with treatment are reported in [Table 3](#T3){ref-type="table"}. Overall, toxicities were transient and tolerable and they were successfully managed by conservative treatment. Post-embolization symptoms, such as fever or pain, occurred in seven patients, and its degree was mild. The most common toxicity was aminotransferase elevation (10 patients). Two patients experienced grade IV, three patients grade III, and five patients a mild elevation (grade I and II). Elevation of bilirubin was documented in two patients. Five patients experienced mild gastrointestinal symptoms (nausea or vomiting) ([Table 3](#T3){ref-type="table"}).

4. Clinical courses after TACE with DC beads
--------------------------------------------

The clinical courses after treatment with DC bead are listed in [Table 4](#T4){ref-type="table"}. The mean follow-up duration after 1st TACE with DC bead was 616 days. Five patients died and four patients remained alive at the end of the follow-up. Seven out of 10 targeted tumors eventually progressed, and mean time to progression was 235 days. After DC bead treatment additional treatments such as external radiation therapy on bone metastases, hepatic arterial infusion chemotherapy, rachofrequency ablation and sorafenib were given as necessary.

DISCUSSION
==========

In this study, HCC refractory to conventional TACE tended to show better response to DC bead treatment. Objective response (CR and PR) with DC bead TACE was observed in 100% (10 tumors). Of the 10 refractory HCCs to conventional TACE, 40% showed CR. CR was more common in nodular type HCC than infiltrating or multinodular type HCC. In addition, all of the tumors that reached CR showed delayed enhancement pattern on angiography while two tumors that ended in PR showed regular and hypervascular enhancement pattern.

Several studies have suggested survival benefits from conventional TACE.[@B4],[@B5],[@B17] However, some limitations lead to refractoriness to conventional TACE that uses a cytotoxic drug emulsified with lipiodol followed by the delivery of an embolizing agent. First, not all HCCs show lipiodol retention.[@B18] Heterogeneous lipiodol retention in some HCCs may render the treatment less effective.[@B19] Second, even with the use of lipiodol, the cytotoxic drug can be washed out into the systemic circulation[@B20] which would decrease the effects of conventional TACE by reduced concentration of the drug in the tumor and at the same time incur systemic toxicity. In this study, tumors refractory to conventional TACE also showed little retention of lipiodol, mostly less than 50% of tumor. Therefore, DC beads can be a valuable alternative to some types of HCC refractory to conventional TACE due to their pharmacologic property.

In the porcine model, histological examination showed that induced necrosis radiated outwards with clusters of DC beads in the center. Both liquefactive and coagulative necrosis developed indicating the ischemic and toxic nature of cell death.[@B21] Tumor necrosis was greatest at 7 to 14 days after treatment; during that period, the combined amount of damaged and necrotic cells approached 100%, while plasma concentration of doxorubicin was minimal.[@B21] In a recent study on the explanted liver, histologic necrosis and the CR rate were significantly higher in the DC beads group than in the conventional TACE group.[@B12] In addition, another study with explanted liver demonstrated that DC beads provided a sustained delivery of the drug for a period of 1 month with local tissue concentration above the cytotoxic threshold.[@B22] Sustained drug release for a longer duration in the tumor with DC bead TACE explains the good response rate in HCC refractory to conventional TACE in which cases lipiodol accumulation rate is low and cytotoxic agents are washed out easily and quickly.

Interestingly, we found that most of the tumors refractory to conventional TACE had delayed enhancement pattern on angiography. In addition, those with delayed enhancement pattern showed better response to DC bead treatment than tumors that showed regular enhancement pattern. The enhancement pattern and response rate could be related to hepatocarcinogenesis. Hepatocarcinogenesis is a multistep process in which hyperplastic nodule develops to be an early HCC and eventually advanced overt hypervascular HCC.[@B23] Most well-differentiated HCCs at an early stage do not stain upon angiography or do not retain lipiodol within the tumor.[@B24]-[@B26] Although we did not perform biopsy, HCCs that had delayed enhancement pattern and did not retain lipiodol compactly in this study are likely be well-differentiated early stage HCCs in which the arterial vascularity did not develop fully enough. In contrast, good response to DC bead TACE would be associated with longer release of doxorubicin from the beads.

Tumor size is an important predictive factor for response to TACE. The responses after conventional TACE were better for small tumors than for larger tumors.[@B27],[@B28] In this study, small tumors with sizes less than 4 cm showed better response than larger tumors (mean size reduction rate, 96% vs 76%; p=0.03).

All patients developed more than one adverse symptom or sign after DC bead treatment. The most common adverse effect was elevation of liver enzymes (10 of 10 patients), followed by post-embolization symptom (seven of 10 patients). Grade 4 and grade 3 elevation of liver enzymes developed in two and three patients, respectively. However, all hepatic toxicity returned to baseline level in several days. The incidence and frequency of signs and symptoms were comparable to previous reports on adverse events of conventional TACE[@B29] and DC beads treatment.[@B30],[@B31]

This study has several limitations. First, the sample size was relatively small, enabling us to draw only preliminary conclusions regarding the potential value of TACE with DC beads on tumors refractory to conventional TACE. Second, this study is underpowered by its retrospective nature and single arm registry without a control group. Further studies in a larger cohort are undoubtedly necessary to confirm these preliminary findings.

In conclusion, this study demonstrated that TACE with DC beads could induce an objective response in tumors refractory to conventional TACE which suggests another specific indication of DC bead TACE in current practice. Among the tumors refractory to conventional TACE, TACE with DC beads can help to elicit a better response in BCLC stage B HCC especially if the tumor size is relatively small and in cases when delayed enhancement pattern is demonstrated on angiography.
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![The representative angiogram of regular enhancement pattern (A, B) and treatment outcome (C, D) (Patients number 6). (A) Arterial stain in angiography of celiac trunk. (B) Selection of feeding artery and embolization using DC beads. (C) Computed tomography (CT) imaging before treatment with DC beads. (D) CT imaging after treatment with DC beads (partial response by modified Response Evaluation Criteria in Solid Tumors).](gnl-7-89-g001){#F1}

![The representative angiogram of delayed enhancement pattern (A, B, C, D) and treatment outcome (E, F) (Patients number 1). (A, C) No arterial enhance while proper, right, and left hepatic artery were seen in angiography of celiac trunk and common hepatic artery. (B, D) Tumor staining while segmental and subsegmental arteries were seen in angiography of celiac trunk and hepatic artery. (E) Computed tomography (CT) imaging before treatment with DC beads. (F) CT imaging after treatment with DC beads (complete response by modified Response Evaluation Criteria in Solid Tumors).](gnl-7-89-g002){#F2}

###### 

Baseline Characteristics of 10 Patients Refractory to Conventional TACE
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Data are presented as number or median (range).

TACE, transarterial chemoembolization; HBV, hepatitis B virus; HCV, hepatitis C virus; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; PIVKA II, protein induced by the absence of vitamin K or antagonist II.
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Response to Conventional TACE and DC Bead TACE
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TACE, transarterial chemoembolization; CT, computed tomography; mRECIST, modified Response Evaluation Criteria in Solid Tumors; RECICL, Response Evaluation Criteria in Cancer of the Liver; CR, complete response; PR, partial response.

###### 

Treatment-Related Toxicity
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###### 

Clinical Courses after TACE with DC Beads
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TACE, transarterial chemoembolization; CR, complete response; NE, not evaluable; RFA, rachofrequency ablation; PD, progressive disease; PR, partial response.
